Insulin resistance is a phenomenon which accompanies the ongoing metabolic adaptation in cows during early lactation. The aim of our study was to determine the linear correlations of HOMA (Homeostatic Model Assessment), QUICKI (Quantitative Insulin Sensitivity Check Index) and RQUICKI (Revised Quantitative Insulin Sensitivity Check Index) indexes of insulin resistance with the metabolic status of cows (concentration of hormones, metabolites and body condition score). The experiment included 40 Holstein-Frisian cows in the fi rst week after calving. Indexes of insulin resistance valued: 18.68±5.43 (HOMA), 0.39±0.06 (QUICKI) and 0.45±0.06 (RQUICKI). Linear correlations were examined by testing the coeffi cient of correlation (r), determination (r 2 ,%) and regression parameter beta (b) in linear equation. A negative correlation was found between HOMA and IGF-I (insulin growth factor I) (r=-0.51, r²=25.0, b=-1.1257, p<0.01). HOMA showed a positive correlation with BHB (betahidroxybutyrate) (r=0.48, r²=23.2, b=0.0234, p<0.01). A positive correlation was found between QUICKI and IGF-I (r=0.30, r²=10.0 b=46.7900, p<0.05) and cholesterol (r=0.44, r²=18.3, b=1.9021, p<0.01). In contrast, QUICKI and BHB (r=0.51, r²=27.1, b=-1.7241, p<0.01), just like QUICKI and BCS (r=0.46, r²=20.9, b=-2.424, p<0.01), showed a negative correlation. RQUICKI showed positive correlations with IGF-I (r=0.48, r²=22.8, b=28.1230, p<0.01), T4 (r=0.47, r²=22.1, b=87.142, p<0.01) and triglycerides (r=0.36, r²=13, b=0.0407, p<0.05) but negative correlations with cortisol (r=-0.36, r²=13.0, b=-9.0332, p<0.05), STH (somatotropic hormone) (r=-0.42, r²=17.3, b=-5.4976, p<0.01), BHB (r=-0.62, r²=38.3, b=-1.1872, p<0.01), total bilirubin (r=-0.58, r²=33.7, b=-7.131, p<0.01) and BCS (body condition score) (r=-0.6, r²=36.4, b=-1.8347, p<0.01). In conclusion, indexes of insulin resistance may be used to evaluate the metabolic status of cows in early lactation. RQUICKI might be the most appropriate predictor of metabolic status due to its linear relationship with most of the parameters included in homeorhetic process.
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INTRODUCTION
Insulin resistance is a phenomenon that occurs in early lactation and is characterised by lower insulin production and lower tissue response to insulin. It allows two important processes: conservation of glucose for lactose production in milk and increased lipolysis followed by increased NEFA (non-esterifi ed fatty acids) concentration for energy purpose [1, 2] . These changes are related to milk production initiation, reduced feed intake, negative energy balance, as well as endocrine and metabolic changes at calving [3] .
Insulin resistance can be determined by numerous methods, such as direct, indirect and surrogate methods. Surrogate methods are indexes calculated from the basal concentration of insulin, glucose and/or NEFA, and include the following indexes: 1/insulin, insulin:glucose ratio, HOMA (Homeostatic Model Assessment), QUICKI (Quantitative Insulin Sensitivity Check Index) and RQUICKI (Revised Quantitative Insulin Sensitivity Check Index) [4] . Indexes of insulin resistance relevance have been estimated by comparison with results obtained by hyperinsulinemic euglicemic clamp as the golden method for determination of insulin resistance [5] .
It is known that some metabolic adaptations that characterize the early lactation period, are in relation with insulin resistance. These adaptations are increased lipid mobilization, ketogenesis and lipid oxidation [6] [7] [8] , reduced levels of thyroid hormones [9] , changed STH to IGF-I ratio [10] , increased levels of cortisol [11] , changes in hepatic insulin receptors abundance, increased activity of hepatic enzymes [6, 12, 13] and reduced concentration of Ca and P [14, 15] . However, there is a lack of literature data related to the direct relationship between the value of the indexes of insulin resistance and metabolic or endocrine parameters. The aim of this study was to examine the relations between HOMA, QUICKI and RQUICKI indexes of insulin resistance with parameters of metabolic status (concentrations of hormones, metabolites and body condition score) in cows during early lactation.
MATERIALS AND METHODS

Animals
The experiment included 40 Holstein-Frisian cows in the second and third lactation. No signs of health disorder were found in previous lactations in these animals. Average milk production of selected cows was 7000 l. Cows were raised in free system, on deep litter, and spent the transition period (3 weeks before to 3 weeks after calving) in rooms for calving where the tie stall system was applied. Cows were fed at 7h, 14h and 20h. Total mixed rations (TMR) were given and all needs were met. Water was taken ad libitum. Drinkers were automatic and allowed fresh water consumption. Corn silage (20-25 kg) , alfalfa hay (5 kg), beet pulp (3-5 kg), concentrate part (5-7 kg) and other additions were included in the diet. Following standards were applied: proteins (17.5-19 .5% SM crude proteins, 30-33% degradable proteins per total, 35-40% nondegradable proteins per total protein percentage). Carbohydrates (ADF minimum 17-21%, NDF minimum 28-31%, NDF from forages minimum 18-23%, non-structure carbohydrates 35-42%, dry matter level from forages minimum 40-45%) were included in the meal. In addition, 5% fat and energy (NEL 7-7.4 MJ/kg dry matter of the meal) were contained in each meal.
Sampling
Blood samples were taken in the fi rst week, and 3-7 days after calving. V. jugularis was punctured in the 11-14h period to avoid prandial effects on metabolism. Blood samples were stored in a refrigerator in heparin vacutainers and refrigerated pending analysis. The time period from blood sampling to blood processing in the laboratory was 3h. Blood processing included centrifugation at 1,000 g for 20 minutes. Thereafter, the plasma was decanted and stored at −20•C until analyzed. Concentrations of hormones and metabolic profi le parameters were determined in all plasma samples.
Parameters of metabolical status determination
Concentration of hormones, metabolic parameters and body condition were determined in order to estimate the metabolic status.
Glucose and NEFA concentrations were determined by colorimetry using commercial kits of (Randox-UK). ELISA method (kit Cusabio, Ch and Endocrine Technologies Inc. CA, USA) was used to determine insulin concentrations. Values were read on ELISA reader Rayto.
IGF-I (Cusabio, Ch), cortisol (Uscn-Life Science, China), STH (Endocrine technologies, US), T3 (Endocrine technologies, US), T4 (Endocrine technologies, US) concentrations were determined by ELISA, measurements done at 450±2 nm. BHB, total bilirubin, total protein, albumin, urea, cholesterol, triglycerides, AST, ALT, Ca, P and MDA metabolic parameters were determined using spectrophotometry. Standard kits, from Randox (UK) and Pointe scientifi c (US) were used. Parameters of the metabolic profi le in the blood samples were determined by means of photometric reactions. (Photometer Rayto RT1904c).
Body condition was determined at the moment of blood sampling. Evaluation of body condition was carried out by giving marks 1-5. Minimal ratio between two marks was 0.25. Recommendations from guide Elanco Animal Health Buletin Al 8478 (Rev.9/96) were considered.
Indexes of insulin resistance determination
HOMA, QUICKI and RQUICKI insulin indexes values were determined. The following formulas were used to determine these indexes: HOMA = glucose (mmol/l) x insulin (μU/mL); QUICKI = 1/ [ log (glucose mg/dL)+log (insulin μU/mL)] and RQUICKI = 1/ [log (glucose mg/dL) + log (insulin μU/mL) + log (NEFA mmol/l)].
Statistical analysis
Relationship between indexes of insulin resistance, concentrations of hormones that are parameters of metabolic status and body condition were determined by coeffi cient correlation analysis (r, Pierson's coeffi cient of correlation). Determination (r 2 , represented in percentage of the common variation) was used as well. Regression analysis with determination of parameter beta (b) was performed when linear relation was proved (value of indexes of resistance was independent variable but concentrations of hormones and body condition were the dependent variable). Statgraphic Centurion (Statepoint Technologies Inc.Warrenton, Va, Virginia, USA) statistical program was used.
RESULTS
Mean concentrations of insulin, glucose, NEFA and values of HOMA, QUICKI and RQUICKI are shown in Table 1 . Correlations between indexes of insulin resistance, parameters of metabolic profi le and body condition were determined by testing the coeffi cient of correlation. Analysis of coeffi cient determination was also applied ( As the HOMA value increased (higher degree of insulin resistance) IGF-I concentrations decreased. In contrast, the concentration of BHB increased ( Figure 1 ). As QUICKI values decreased (higher insulin resistance) BHB concentrations increased, but IGF-I and cholesterol concentrations increased. Higher marks of body condition were noted in these cows ( Figure 2 ). As RQUICKI value decreased (higher insulin resistance), cortisol, STH, BHB and total bilirubin increased and body condition was rated higher. In contrast, concentrations of IGF-I, T4 and triglycerides were lower. Regression analyses with independent variable RQUICKI are given in (Figure 3 ).
DISCUSSION
Insulin effects on glucose metabolism in ruminants depend from insulin secretion by the pancreas and insulin sensitivity of the adipose tissue, liver and skeletal muscles Figure 3 . Linear regression between RQUICKI index and concentrations of IGF-I, STH, cortisol, T4, BHB, triglycerides, total bilirubin and value of body condition score [1, 3] . Early lactation is characterized by low insulin production with increased concentrations of NEFA from the adipose tissue. Cows are in a positive energy balance with a higher glucose concentration which accelerated insulin secretion during the dry period, probably because of lower tissue sensitivity to insulin. Regression analysis showed that the value of RQUICKI index is dependant on the insulin value in dry cows, but on NEFA value in early lactation cows [16] . Kirovski (2015) [17] in her review about metabolic and endocrine adaptation of calves to extra-uterine life described that during this period exists hepatic insulin resistance, because calf need extra glucose originating from hepatic gluconeogenesis.
HOMA was valued 18.86±5.43. There are scarce reports on the relationship between HOMA values and insulin resistance in cows. Haarstrich (2011) [18] noted a HOMA value of 31.1±14.9 in lactating dairy cows, that was higher compared to values in our cows. Cows in the experiment obtained by Haarstrich were in day 182 of lactation, meaning in a later lactation period compared to our cows. Hackbart and coworkers (2013) [11] showed effects of dexamethasone on insulin resistance since HOMA index value was 5.0±1.0 before and 15.0±2.5 after application of dexamethasone.
Our results showed that HOMA index has a lower reproducibility (higher deviation) in comparison with QUICKI and RQUICKI. Earlier works show the same [19] , as QUICKI index value was 0.39±0.06, while RQUICKI valued 0.45±0.06. Distribution of frequency values of both parameters was inclined to the right side and below average values were dominant. Our results are in agreement with results obtained by Haarstrich (2011) [18] . QUICKI value is a bit higher in calves 0.52±0.039 [19] . RQUICKI index measured in the range 0.38-0.65 [17, 21, 22, 23, 24] . Our results are in agreement to the reported range. is also in that range. Reduced insulin sensitivity was shown in the examined population, meaning that insulin resistance is present in the population. There is insuffi cient data on QUICKI values in dairy cows.
Lower concentrations of IGF-I were found in cows with expressed insulin resistance. HOMA, QUICKI and RQUICKI indexes showed a signifi cant statistic correlation with IGF-I. IGF-I is synthesized in the liver. STH controls this process. It is well known that the concentration of STH is higher in early lactation. However, IGF-I concentration is decreased. A lower level of insulin in this period (insulin resistance) can cause reduced expression of STH receptors [10, 25, 26] . This could be one of the reasons for higher concentrations of STH. Insulin resistance (or lack of insulin) can be directly related to low concentrations of IGF-I. Gross et al. (2011) [24] showed that early lactating cows that were exposed to negative energy balance had a reduced RQUICKI index, meaning that insulin resistance was present in these cows, as well as reduced levels of IGF-I. We found the same positive correlation between RQUICKI and IGF-I. As opposite to our results, Kerestes (2009) [23] found a negative correlation between RQUICKI and IGF-I. Studies in human medicine show that insulin resistance and diabetes type II can be related either to reduced or greater concentrations of IGF-I. Negative correlation was noted between STH and RQUICKI index in our research. This result was expected considering the negative correlation of STH with IGF-I. Attention should be on higher concentrations of NEFA into blood stream in early lactation. NEFA are an integral part of the formula for calculating RQUICKI index. Application of STH to heifers cause reduction of RQUICKI levels (greater insulin resistance) due to increase of insulin, glucose and NEFA [27] .
Cortisol concentrations showed a signifi cant negative correlation with RQUICKI index. Classifi cation of cows on quartiles did not show signifi cant results because of physiologically high variations of cortisol concentrations. Application of dexamethasone leads to greater insulin resistance [11] . Well known fact is that healthy people that were treated with dexamethasone show insulin resistance. The reason for that is the reduced use of glucose in peripheral tissues. The problem is on the post-receptor level [28] which has been shown on the animal model, too [29] . Also, cortisol is in a positive correlation with MDA, which production is increased by insulin resistance [30, 31] .
Breneta (2011) [9] indicates on the relation between hypothyroidism and insulin resistance. This could be explained by the fact that thyroid hormones have a direct favorable infl uence on the expression of genes that code glucose transporters (GLUT) in the tissue. Huszenicza et al., (2002) [32] showed a negative correlation between NEFA and thyroid hormones in cows in early lactation. A negative correlation was found between BHB and thyroid hormones.
BHB, cholesterol, triglycerides, bilirubin, ALT, AST and urea were predicted by indexes of insulin resistance, mostly by RQUICKI. A signifi cant correlation was found between all three indexes of insulin resistance and BHB. A positive correlation was found with HOMA, and negative with QUICKI and RQUICKI. Weber and coworkers, (2013) [33] showed that HOMA values are signifi cantly lower in the group of cows that have a high degree of triacylglycerol accumulation in the liver. Studies on human populations show that fatty liver can develop as a consequence of peripheral insulin resistance. Values of indexes of insulin resistance and lipid profi le are signifi cantly different in comparison to healthy persons [34] . Greater concentration of NEFA blocks insulin signaling in hepatocytes when beta oxidation of fatty acids happens [35] . There is a reduced production of VLDL, which is needed for lipid transport from the liver. Changes in transcription and post transcription of proteins that are contained in VLDL affect liver and lead to fat infi ltration [36] . Participation of NEFA in the calculation of RQUICKI index links them with cholesterol and triglycerides.
Body condition score of cows showed a signifi cant correlation with the degree of insulin resistance. Cows with greater body condition are more prone to develop insulin resistance. Holtenuis and Holtenuis (2007) [19] are the fi rst users of RQUICKI index. They found a negative correlation of this index and body condition score. This statement is approved in a recent research conducted by Jaakson and coworkers (2013) [37] . The adipose tissue produces many substances that increase insulin resistance [38] . A consequence of this is the negative correlation between RQUICKI index and body condition score. Cows in the prepartum period do not show hepatic insulin resistance. Moreover, insulin resistance is specifi c for adipose tissue when cows lose weight and the body condition score decreases [39] . Loosing weight leads to increased levels of NEFA and decreased values of RQUICKI index. That explains the strong linear correlation that was determined in our study. High-BCS prepartum cows showed insulin resistance and a fatty liver which were in relation with the increased hepatic expression of insulin receptor beta (IRβ), fatty acid translocase (FAT/CD36) and sterol regulatory element-binding protein-1 (SREBP-1) [40] .
CONCLUSION
The relationship between indexes of insulin resistance and the tested metabolic parameters showed a linear relationship in dairy cows during early lactation. RQUICKI index, compared to HOMA and QUICKI indexes, is the better predictor of metabolic status in early lactating cows due to its linear relation to many parameters included in homeorhetic process during early lactation.
